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/m.ii-ii/mI ^kjUI jtfl djiiudll i ji-SlI aljlntil dlmLi 







LgJiLk jt£ cCjIj-LuJ dbaStjJ djjfk Sj-^J j^ Ci^ cAjJ&lt 4l^a jv* xwujUll ^^' J^ 3 C5^ '^^^1 



4JV 4_i^&l jv^ (J^^l Jj^akj V t^Jja ^-^ Ig-Jlc- ^i tLlAi&alt j AjjjxII xil^ill ^^Jc* p Jjjj t4jjjjj£]l 
(JjL^J UjI AjjSiSl Aia^s ^i ^^^AJ LjCJ d jj^al£ (Ja-^J *-L La£-<j ^Jjill ^J^ &il j£J 4(jL^Jl AxJJiaJ ^jjLujVI 
c4 S ujJ uiSt &JA ^i £jj]l j 4A-1Jjjj£JVI ^ j5S Ait J^a C5"*JJ cT>Lk (j-a tpUaiaball Jj3 Sj^ftj^all 6JA jv^ J^ jl 
j *w>i ^i LuoLuol djjJj^a ^JjI dllc jjJa^lt (J^axJ 4j j^J ^k (JJaLo 



.djlc^jJa^all j jl£aVI 6^A Aa.1 1$ jllll ^ jj \c» t^L^ (j^ jA Lo j t <S jljiJ 
J ^ a a jjj^^j! j t.^junl ^Aj (J*<ty ^" J ^ aj o jj Aa^ <a itLuoVI C C5^J^^ ^l^cVI ALs Ux-<s <jl£ qa i jj^pall 

^i c Ha.i ^^uii v-.«'< jj j ^jS Ai«ii jv *i*is ^u^Vi j^ >ii d c£*i v j Jji^ 4-Jib ov 

^l^)j] ^_a Ux-a A^LoiJ (jl A^JJ (j -0 CJ^J 4-^.jjLa LjAj (JjJaJ il^J Aji^ (jl UjLaJ ^JjI djL^aLb jV) &i& (Jj^a ^ 
• JaJ I J-ij 4^aA£ (J-S j tl^-Kl ^L5 (^-fljjuo S^J (JS jl j 4 JjjL L^jjuo ^^)^. (JS jl LIjjSj jV 46j£ill di& 
jl Ll^J aIxJ cA-pSjlt Al^jsi ^-i UjV Llx-o A^jdLo SjCJ jj^ jl lAAj^)J 4(jj^)ia J;1JJ j4(Jj^C ^^2 j 4a£1 JJ 
4(J_i^ (^_LSVI djl jJa_k Jla.1 \ "ix SaS Ujl ajIj jl Ll^Qj (J^i CfijJa^J IjJJ (Jjys (^_alVI AiLaui j SjlaS t ■ Ux St (Jj) 

. j! jll IjA ^ jjilai j n-ka.J 6 iA Ijij jl ^u 1 g jU AjU^I LS J^ 1 iSJiJ^ ^ ^J^ J> 



^-^ijjJl ^^^ A VAC (JJjA^-AJl 
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^Jl I jfcjG^l ^ <i*i4 ^V< ^-511 ^.^IVi- J^i ^> J*_J <la-Jl ^^jJ-ilj 

- (I ^ - * _J" " " * - ^*_^kJ-^' JSUul' J3 Jl J«*J * tijJ^-2 

_ jfc iC -i n*] 1 ! j^j^auJI j JajJI _ii j'siu^ I -3 
.ilyjyJi j^Uaj pl^Tyi j 5^jkJl Ji. j J*U3M ^a 41*Vl -6 

_J -'■■ ': ■ 1lj4 jjilA Al^flJl J i ^ ll J — -"> j " ^-^-- ^^-"iH J(A 4liB*ll -VlLj-lil 

^ l^ j_,ijjl Ja_j^_l jS_jJ Akr ^j'l -Til, j A i ...y'.^lil OjUjI jjll j ^J\^J^\ 

^^^Ji ^.£11 jl^j ^ JjajU ^ JiJl ^j£j J.-j 
.U1A jig jhlll ^JiU.1 (>* J*i jaJI Jj-J ^ >^iJt Jaj>- J^JJ-2 

jy^l^^^ljj^^jujlijyi j^^JU^jvaJlABlS^LtJk JjSU-4 

fii ii* l> jj&I ij-li j 1 ^ 4JU-. ^j j *iii^ 30 jt a?jP^i j Word 

,\^umU ^jLmj \Li_kjjl uatldu jjLJojl'l 

^LuA^ I £* l^i^i ^j*Jl aJiLJi >-^ ^j*i _ji ^>^^ ^j 3_ ijl iliM-il-S 




««,#l^tij rii^tHJ^U 



ZOOS © uid iM il |i" i** 4 * "^ 



4iaa4_. ^i ^l2. iuilu. ^ 
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- JliUl) ^L_o^j_i_t_Jill <^Lvm1^ ^ ^« JJjiuJl j^iauiy tj^-Jl^? ^-^jj3I-2 

^J jlill ^ ^ t ■ ■■ j * ] j ■ 'J * Q-Lajl lJJPi jit U-*_H- ''.1* j I J ; ^ 'I jl UHnJ 

.<UmJS '— ; — - .iu 'a'-;; 1 - s_-i\_; ^i oV^i*l^ JS-3 

^ ^'jll j^tt j ^Ali j /';^t jA La] j.J-ajJ 1 ^ JS J . <±ik, jUihk 
_ ^^t . rtVi . jnji. jl 1 . i -^ -- j - t - j i* jl^ * 'I _>" . ^^b - .J-^A? 

a2li J2U, j-» Aj&U .'^ r UJi Aijil 1 ! 4 >*ii 4iJlu ^UsL^ <Lul] 

^U-^ji >cj j ■ ^ -" Jil j-. .4jjju j jj-^v-a oALL^ <aL9I-4 

k*JJii! ^viaj^i ^jlajpl <Xliujll j AjtHkBdill iJjjLuuoi j^LlI ll % J J - a ^ >^^ - 5 

.UjiljlfilJ 
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nu 



ii 





www.tech.nical.ly 



LiulS j*Zi %0 






■ - * J *■ * * " ^^ 

^ ■* J*^ ^ L *■ j j ■ ^ * -t j.'ifl J ^L ji^.. \ i j H -■ j. jl« til i j.-- j^. .*.* jjj u-2 

. L,jJi. Jk^_iLzkJi ^**u ^ji& r"^.! m T ' '"' J Jj^- i '^ * ' -*"^ "■ $ * * ^ -'- " ^u jj-i- -3 
i t^idiLaj j s__i*_lJ ,jjJl -" ll J- -^ -^ jl Jj) j .-.j.-^.U ._Li..j_v_[ | I ^lcvu-5 






L-jlS j»si (^ 




CLl 




j> i ij p 








(g jjaJt JJjjJI <Uui.4J$JI f jkSI ^ S>ut^l ui&t 4iuil 



I 



♦♦ 



CjUj^aI) 



Luall 



^j^aj^j 



5 4_rf»lfir 4-4jL» 



6 



7 



LA* tfj^l JjJ^I 



9 M*^! U-al J^lj CjUjIaJ! 

10 ^j^l J^l^UJIA^ Jl^lJi^l^^lAJjVl^UliJlj^jjJil 



* . . ♦• 



14 Uij^j^VIA^l ^j^l Jj^l jrUJl 



♦*!•♦ J _ *\ t» t4 •♦ 4 *<!+ 14 •♦ 4 * . + 



a g ijatfl £Uttl CjL&i t AjULiil cjLuii]! 



♦• 



♦♦ 



17 ^,^i>-»,t> jii^it 4 \z.*...\ 4ju& 

jo £jaJ! JjSl^ll -1^-' •'; £U£U ^IjJ! jjlai! ^LuSj 



20 ^j*J! 



Aj]U ^ JjJULaJI £a ^ jjaJ! JjjJi! ^HW cfcjJJ^ fl«iaawl <UJSj 
21 4* oJ! 



24 c? J2^ Jjri^' 4luiiui ^a 4 ■^t4-....«tj «jUli) 



«• „._... •* 



^ A^i^a www.tech.nical.ly 4^&Jt *V* 




j^j AjjUII djjjjll qa £ jal^ ^j^iaJl 4a. j Jc c^J^I Jj^' < i*JfUl (> AjIc JjJuaaJl j£*J 

^ ^'Aj jaiiii JjjJ jj£j u c_jj5I j-aiji ^ < methyl ester ^~> yAA^ j^> c> *jLp 



/ g A L 



j^ Jj^ SUaJI ctfW- fcl£ j AjjSjJI djlk^Jl ^a l^J^U 4jjI£J j AiaJll aLIB *SIUI jl 



t- f- 



^ La till JjSjll A^LoiJ U t*lL Jl t SbJal ^j.Um S^jI jLall llAj$£jllj Jatill jUj ^lijjl j*> j lAaJ^\ iM 

^u^lSI j AjjaJ php.% JaJj ^ ^j».qW ci>Vl Jj^Vl ^ l£ J] v-L^t 4 l^akj ^11 e> oU] 

4_al_aJl 4 ^ J J *^ AjjjIj ^jial^sl j^a * - ^j| ^jLudJV^ (3^^T ^ ^°J 6 ^-^J ^ fllAalLaat S-I^a. s-I^juo *la. C5^ 
(J-S 44_jJjj-ullj 4jjjJajut CjlcUj^alt (Jla^a I k ^ > J k ^ > ^J &Ll^ (J-* Ailla^ dj^l-^ J 4-al.laiuoV 6^j1 jx<ill 

JLukiiil aJLL1\ ^> ^.j^^. u^jVl u 1 ^ c> ^^ ^I^Vl ^V ' ^^lj c^Ji M^ ^ l ^ 1 



2uJj*A\ 4-p\-L*£\\ AiLLil L^j SjU-.w ^LUl JjI^j c jL j>I jB CjSjII ^ J*ilb ^j t ai^II tiA 

ibj^i AiLLii j c bjB asiLj ^^i tpuJi a^j ^j^i jjyj j ^jjaji jiiK ajj^i cjiiiyij 
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6 J Q^QJL^Qj) 



SjJlSIj (jJa^ St j (J J 2* J SI j dlilll JJ^ <-— yj^ ^J^- C5^W^ ^— yj L£' L>* **^ J^*^ (j^^J ^fiijfi < *— &^j^\ 



X i - 






jjj <> Aj^S jSjjj Uj ^ jjaJl Jjj J £-Ui ^ik 






^JUJI j-a S^iiS Jj^ ^ ^La-Ill j-* J^ c£j^ J] c^ j^ Jj^l jr^l ^j diL^j ^Sl 

t I jjujjjjuoj LlSLL-jIj ciS-j uLj Slj UjLallj Ujujjjj UjI jSjIj Laij^aj cJ^J^^J I*^j S^^Sl ciAjV jJ1-£ 

cS>^ U£ 4 ^Ull ^Uil ^ ^j^Jl Jjj^W ^J^li *1— 1200 c> J^ d^ lWW ^j .& 4 

dj|j-kiJl dAA dj5Vj 4 ^^Jl ^^5^it £* L-L^lmlS ( cr killl) JjjJ djl£j2^ ^ JjJbU dbLlC jVI 
rcJLLaJl 6AA <OJL^> P^J 4jlo1x1\ JaLuojVI ^ 1 J^ LoUiJAlj • ^"^ *W jl jil ^yj tstjuolj Ujl^l Ic-UiaJl 
4 -\V\a\\ AL^JI ^J^J^I pi J^' J^ L>^ ^ J ^' J^ LSjj^ <Jj^^ ^ J^-^l <j^aLk]li i A^\jS\ AjjSj AjI^^j 

4 M^^ 1 ^UUjSI 2^1 jj Jb a^u dii^ ^j^liS 3bl5 ajj£ Jj AiLjai cr Uill JjjJ J^-;..J j^ 

. J^lLVI J& S^^UI AiUall J| j^i ^ JjVt AJJJ^I cMj ^^ L?^ J*Vl 

? (til ji=vbu jjiai) j^vi AKJii Aij^,j JjS i^j ><u ^i ja.1 jji ^Uj 

t> >^5 1 00 LLj^i ^j l5>^ j 1 ^ j j^jj J4^ Jj^ t> j^ 1 + jAjf* cjj j j> jti 1 00 ^ 

^ A^i^a www.tech.nical.ly AjJSi]| 4I»^> 




l5> Lu 1 j ( transesterification) ^jIUjjVi "»J^i\ (>^ jj& ^U^ *ki«*M *^> ii*^j 



*» »1 i 



JjJIJLlaJI) Jja£ll g-l jjI (> £jj fl^k^lj ( jl jjaJl J) jLill CjjjSI dAjJ j^ j;^ Jc 4_^jjjSI 



dLj J jJl j j o II >* tjAl^ll Cijll ^ ^UJI ^ ^J j Jlti ^ r ^'- ■-" J>JI jl JA SjUtyl j^j 

NaOH fj^j-^i ^-^j-^ JKOH f j^AjJi •^^jj-^a jLa Ljia !^i 

; (^j A-lujLuoI jlj^al AjujU ^oj ^$ja^1\ cJjj^ll ?r^l AjLoc* <J^J^<j 

f *c\ )~A\ ^i a a^u.aH djjJ^Sl£) iLojUjobc Cly^ll ^jl£ (Jla. ^j 4 AjJtjjJaSt dj^L^a-o ^a 4_^.l ^kiuol Ak- 

^La 4 (_sj-j a St (Jj-j^Jt ^j^i A i£^a A-lo£ ^)jSt Jc* (Jjj^a^jt ^jUuJal tiUij ; jl-^St d^lxll a_loS c-jLo^. 

^$jA^1\ (JjJ^lU (JLuaII ^^juoLujVI ^HaSI (3-g (JS1 JijJ^s Jc (Jjj^a^Jt jUlbj Jt-LoASt (Jclidlt jJjuj 

^L^^iJt £* J^lilSt i^a.j Jj S JliaJl SjUI AiL^t ^jj JjSj J^ JliaJl A^ c_jLo^ ^u ; ikll 



' 



A^i^fl www.tech.nical.ly ^^^ ^^» 



jl£Vt (jjj -ui j k Jt l-i^jj l^liLk ^jj a^Loj 48 J] 24 j£ C^'-^ S:l ^ ijLk^ll Ayl d±i^ ; c-n^Jill 
j£^jj < ^i^l Jc 4it!& Jfrl Jj^l jiiy Uijj j^Lk U>> J] cU^ JaJtfl J Jj^l c> ifll5S 

J ^ >^ ^h *^j jUi j te\j&l\ cij* Jwj^ c> ou^^ 1 j Jj^ 1 J] -kj^i fiu&i Ai^ou 

dlJl j La djLuJ jJlJl jl JLlJ 4 aLc (J £ uaj ^j;!^]! (Jjj^ll 77^-A J Aj.>.>UJ^)1| (J^.I^a]| a&I jL^aikb fiJlA 
(JJl ^jJLj gc J J a j Jc*l dJj^.j (JSI Ail£j (jSaJ UiJ (_£^>^.l L^jjaj (jJaJ ^j;!^]! (Jjj^l TT^JV Sj.xU.uui 
(JjjJlJl L> Lk j-^Q-j (Jj-^^ J ^A"^ J^JljJ-Ait jl c-bill j C_ljljjaill 4j| jl djULaC- (J^aaJ S-l J^.1 ^4 J ' 

jjL^jlj ^ ^j| Jc (Jjj^ll djl£^p^ J Sjjuolxa 4 at>i^LjJj ^ jji^.^1 cJj^l j-* ^j-^ <*^° gdiAal ^j;!^]! 
. ^ jji^Vl Jjj^I ^j^ J^ djib^u *l jj pic JU J % 50 JajLkJt ^j^JI JjjJ A^ 

; cij^JI Jj^l djlL^al j* aa! 

4-jJa Jilt CjbaJlLallj fiUjli La lil j£J 4 djlL^all jui 6 j^ La A] gclla ^IS jA (Jl-^Jl Ajt-niaJ ^j;!^]! (Jjj^l 



£ £ 



>1j u£l J\j JU-S djU-AJl ^l c_njaij V ^jj^Jt JjJ^ll j) LaS 4 ^ jji^VI Jjj^ILj AJjlLo tjjjSj Alalb 50 

j J J JU (Jjxjaall S^lfi-I <C»^juo x^s liS^p^l Jc Jali^Jl J] ^JijJj tiS^p^ill gt-l^uJa ^j-G (Jlli Li^ ^ jji^M 

. ^ J^> U^J^ J] l£^ ^ c? J^ 1 Jj^ A^ulb A*ijj^ jl Ji^Vl SJ J^ ^J^ 



J i^-a ^l djjA^ pie Jl ^^jJ Ul^ c£j^J ^jSjll jl J^ J djU^Jlil %±j> c^j^Jl JjJ^ll jil*J 

<^JI j c> Vj^a jl£l jlji^Vl Ale c/j^l Jjj^I A^l j . c/j^l Jjj^II ^j^^ jl ^j5jll jl j^ 
J^jaJI j-a ^J j $ > ti ^p-^l Sjjj^aj ijj}^ W (Jj-jaJI gujj -L ^jji^.VI ^j^jil (jljl^.1 jc A^jUII Aj-ajaill 



g A^i^a www.tech.nical.ly h&l\ ll^ 




iSJP^ JJ^I 









(J_^.l j^sJl (JX, 4 jjjj j St j A .pi uaJ-SVt AIlLaAl (JC»j ^j;!^]! (Jjj^l fj^-^ LP AajIjuoH ^)iajuoVI ^ UjJl^J 
4<JjUill djjJ^ll qAj^. <JC» A^^ ikU (jl 1 illc> ^Sj 4 J^JIjJ-aH jA Lcljlkiuol J^VI (Jj*^l ^J^ ^J^J 4 
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(triglyceride) 
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H + 
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(Catalyst 
s.g. IMaOH) 
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O 
!! 



3CH 3 -0-C-R K 
{bio dies el) 



fmethanoll 
3CH 3 OH 

(l)f3jj^l 



1 l 

+ H-C — 
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H 
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1 


1 




■C- 


— C — 


-C- 
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1 




OH OH 


OH 






(glycerol) 





^Uill CjjJJI) AjjJmjUti <p\l Jlalallj JcUSlb JiU JjVl * Jail Jft (1 ) Jlill ^ jSjiu, 

j> SjUfi. ^j R3 < R2 <R1 cK^i ._£U^L L_iHiu ^ja^i <ptf J -k^u . (^ii-Ji 



4^»iua 
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i^IS^l Uayi 




isjpto JJ^I 







^ jjjj^II cjIjj ^ j> 16 fSj» j*u ^ ( 16:0 ) : ( Palmitic Acid ) ^shJUl u^^ 

^j^.j *XC /g-i-C- U^^ J& 3 jij-*a fSjjl '-"'R J-^jI is^ oJji.J-ajl jjjj^il Sj£j tdlij ^'"" aJ a 4 I ml mil 

4+jl j* Jaj| jj 

R= -(CH 2 ) 14 - CH 3 

a^jj> Jajl jj jj^j ^ic. £* jjjjS ojj 1 8 (18:0) ( Stearic Acid ) 4u^ o 21 ** 



R= -(CH 2 ) 16 - CH 3 

s^ij^j^>^ij(18:1) (Oleic Acid ) 4^j^u^ 



R= (CH 2 ) 7 CH = (CH 2 ) 7 CH 3 

aL-Ui ^ <j£^> oA^b ^j -^^u ( 18:2 ) (: Linoleicacid ) 4^' u^ 



R=-(CH2) 7 CH = CH - CH - CH 2 - CH=CH(CH 2 ) 4 CH 3 

(: Alpha-linolenic acid )4?^>^ 1 o^^ 
. **>>> JojIjj d^i jj=,j e jjjj£ sjj 1 8 ^j Jia^u Uaj ( 1 8:3) 

R=— (Cffi), CH=CH- CH-CH=CH=CH 2 - CH= CH= CH 2 -CH 3 

<IaiJj-aJl jjJjSJI «ji J " - •-"' J .l^JI ji 4-uluJI (^S jjJjSJl *— >i jj J^fr .liaJ ^l *!SjVl t> ^N« 
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2 Jjfl ) Uayi 




L$JP^\ JJ^I 






(22:1) 


(20:0) 


(18:3) 


(18:2) 


(18:1) 


(18:0) 


(16:0) 


(14:0) 


d*jj jl CjjjJI 






11-5 


60-50 


30-20 


5-2 


10-6 




^Jj l 






A \ A/> A 


62-34 


49-19 


5-2 


12-8 


2-1 


Sjill 








30-20 


65-50 


3-2 


9-8 




,JbjjjJ! JjSSl 






A \ Aft A 


12-10 


84-73 


3-2 


10-9 




aAo^ 






A \ Aft A 


50-40 


35-23 


2-1 


25-20 


2-0 


^JaSll jj^j 








83.8 


8.8 


1.5 


5.9 




J^^»»\l AA oil! 








19.7 


74.1 


1.4 


4.8 




jkn-nW AAJ 








21.1 


59.9 


1.3 


4.3 




chilli 4jiji 


50.7 


7.4 


9.7 


14.1 


13.1 


0.8 


3 




Chilli 4HJ J 






5-2 


2.5-1 


31-28 


13-10 


26-24 


10-7 


S^ji! 






1-0 


13-7 


50-40 


18-12 


30-28 


2-1 


Jjjlkll JAJ 








2.3 


34-37 


25-20 


32-24 


6-3 


jiiill ^jA^ 






60-25 


40-35 


40-25 


4-2 


7-4 




jti^ JJ-^ 








44.32 


12.96 








pi ji^ CJjjj 






0.67 


6.97 


44.32 


12.96 


23.24 


2.43 


•* * 



2 oft;. «\\ jjA^llj AjjUjII djjjjll ^ j^Loa.Vl ^ ^ Aiaiuo JS1 



-4 t .»v 






* £ 



^ a aa aii U.J djUj^i ^r^j (>i Jl ^jii ^ A%it ajU^ ^i ji lU^j Usui ji a^ ^ v l^j 

dsLkj^a Jj-i-uilj L^-obS A^j^l jUj^aJl liA ^ AlUi t^ CjtjJsLkj clul5 < - U^ 4 AL^ll ASUall JU^o 

pLLjjVI ^-^ t t ^>j t ^>4 a_LjAjJI AiUall (jLa-o ^k cIjL^jVI ^j^ pj$ *^h ^j^j 6 l^j^^^ ^jfij^-t ^jjfi 

Jl^.1 jll (J^^iU J$ J^ AjLaII t aSjuj ^o l^jl jjSb Jaiill jIsljujI A-il] dlL^aj (^ill t * Q J^ aII 
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J.^.1 j^s ^ diJl jLo LgJI p-c-jj 1 g IjIa^ p-c-j ^jj^^ Jjj^lb AlLtlLdl CIA^jVI j) j& alii^U diiLall 



^_Lc» (J j L^ajaJJ Sj.<U.uui djL^jVI dill jLaj JJL^all li& ^i rcjUlll <j^ ^3^ (^ Cf cJj L ^^^ 1-^.jdLa (J ^ all 



^ 4 i .»v 



4 4i£^a Ail£j (JSb ttUjI A-iJij (JjJail 






Myristic Acid4^j^' o±*^ ( 14:0 



Palmitic Acid < J t AtA ^i o±* 



Stearic Acid <4u^ cj^ 



Oleic Acid <4__jljVl t>~ 



Linolenik Acid 4^^' o^ 



Alpha-linolenic 4^^' o^ 



Arachidic Acid <4^ J o^ 



Erucic Acid <4j*"jj£m o^* 



16:0 
18:0 
18:1 
18:2 
18:3 
20:0 
22:1 



. 1£jjJj %it ^ jL^ji >^j (Safflower) J~**l\ ^J .1 

jL^iij <jjj^j c-j^LaJI djUijj^ ^ j^jj S^jUll J^LUJl cIjIjUj ^ ( nut-oil) jy^ <-yj .2 

<1lj113I 1£jjJ j ULjaj j aMlj ^11 ^ 5lJ ^jjj ^A\ (sesame-oil) ^^\ ^O .3 

.(jl^jjoillj ^ullj AjJjxjoiII ^Uj^jlSI A£Lia11 c_jji^.j 

£& dija. Ja^j^i j^jjVi jaJi o^j^ Alki* ^ jj^jlt jrtij) j^j^j (olive-oil )uiyj il ^J .4 

^j'^^ ij l«^j ^jj^j >^^j ji^j^i ^ o^ii ^ ( jj >^ ( cotton -oil )d^sm ^J.5 
o^ii^iV t>kj u^i-! ^j^jli j& & ±uj rapeseed-oil ( )^a» jj^ ^J ci>> u'^j 

.^uialt i jL\iJ\ <^Uj ^uii jLii^ L_ii^l ^ ^jjj (sun flower-oil) c^^ 1 ^ ^j .6 
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.<JUJi ^ JjiiB jM t> ^ 62 c> <^j*ll <XJi l*j^ (palm oil ) 0^1 ^j .7 
4_^Uj ^^Ji <JUJ ji^L j> jis (js j^jj ^^i ^Vl ok^ (corn-oil) Sj^ 1 ^0 .8 

. kujA cjM o^uuj i£j^ij ( >- a lJ ^ j^iy(Soya-oil ) U>-Ji Jj* ^j .9 
v>^4 t^J &jjij ' u^j-^i ^-^u.j uijjai c^^jjj (peanut-oil) ^bjJ JjiM ^j.10 

bC >-B A J&( tung-oil ) £jSfl ^J-11 
s^j>?J ±a£ <> L?ty^ *j^> cAs. cr^j 51 W A 6 j^ J&t ( Castor-oil ) £jj^> ^j.12 

»»» ^^ 
. ^l\ ^ J&t ^ jj jiu^ jAj ( Hemp-oil) m*M ^0. 1 3 
. ^^^j Aj^ja^Jij LmJ frij^^a ^ Aiuli *^a j^ ( patrpha-oil) lajjM <^0.14 
Jj^ t**^ ^ j^j W tijA? uW^'j i>-»B ls^^ ] ^j* ( radish-oil) J?iM <A0.15 

bjjjl <_jji^j ^Jij uJ (_!> ^ Ja>J j^ioij (mustard oil) Ja>JI ^j.16 
uu ^jjjj l_Jj bjjji j> aJji^i ^uj ^Vi o^j^ (linseed Oil ) o^M ^0.17 

^UJt *LvJl £}^ ^ 

. uW^ij >^-j ^jj-'j i^j WjjJ tJ t->J> (oil -canola)Vjji£li ^0.18 
» ^jU-^lij ^jI^lSI ^i j-ojjj jj^i jaJi J^25 Sj^ (Jatropha-oil) lajjM <^0.19 



* j..» »•» 



E UJ jaj.21 



j ^ A^i^a www.tech.nical.ly ^^^ ^^» 




. I^Saj Jj^I ^j c> lP' j^'j ' *J&t Sjiji^l jjijjllj c>h&\ 

djLojlx^ j^ALujj m (£jjpj\ (JjjAjI ?rLlJl S*1^.jj A a£a AjL*.j\jJ&i l" \\u U^ ^ ^jc ^j;!^]! (Jjj^jI ^*UjV 

4>1 jM ^j ^ ^j^l Jjajll ^Uji ^ t^jjJi JiSVl AjjfcM t> j^i 

IfrjjJi JS^I *jfitfl ^j^l JjjJ jrUj] 

cj! juji djU^ji ^ jjissii ^ ^i$j j^ ciiiij aiufi ^ jiiiaji ^ ^ jpA\ jjj^ii a^i Uj£i ui 

c> i ^^ Jllall liA ^ j£jj jl JjUlo^j. c^j^Jl Jjj^l ^UjV A^J^Ul A^Lo.Vl lUI jJi liu Uii 

2bll^Vt SjI^Vl AA^ j^ ^ jjaJl Jj^t £^y flUll ^ t^j^ J&Vt j Aj^&II 2U33SH 

. ^jSii jiiaJi jb. jUStVij tsllij Jj%aJI t* (Transesterification) 



aJ-Jj 4 *L<j Ajjoij (JSl ^c 6^1ji^.lj Aja^lj ^j-^k^)l (CH3OH) cs^AH 1 ^ Uj*lt >^Vu>n La SjIc-j 4 ujc, 

c^jit ^iss t> % (1 .5 - 0.3) j- cj'j 13 V^ J 1 ^ 1 f^ 1 ^ d^NaOH <»j^j*-Ji ^-^jj^ 

■urn a\±\juA\ j^ ^j^i jjjj ^y e ui ^u^iii C>^l C> 



o o 

ll 11 

CH 2 - O - C - Ri CH 3 - O - C - Ri 

I 

O O CH 2 - OH 

I || &*JUsjUl^ II I 

CH-O-C-R2 + 3CH 3 OIf — CHi-0-C-R 2 + CH-OH 

I catalyst 

I O O CH 2 - OH 

I II II 

CH 2 - O - C - R 3 CH, - O - C - Rj 

Triglyceride methanol ui ' 1*1 o jJL^uf glycerol 
(Transesterification) ^Jl a TtVl qj 1 >^Vy ^ ■ ( o -r jg ^gJLoJt jLAJ-t ^K^-; >wl^ ^r> ^ 4-T JjjjJt ^LjljI 

j^j A^i^a www.tech.nical.ly A^iilj iL^» 




isjpto JJ^I 






ji£! s>kj ^lij jVI Uj^ . ILL* lioLu US a^ 1 j^L^Vl lU^ R3 4 R2 ' R1 jl ^ 

^gllj^aaj (J^juIj Ig-^-t ^ J P" ^^ ^ A-AaC jJjuj ^^^Ic jjSI lillij ^^)*li] 4 M ) 



LKJ Uk jjJIj 6jjj-a 



JL*_J 



j ciLSij (10) 3-n .^ S^Lo^ (4) Jclioll J] (1) dijjll JUJ Vjl ^ 
SjLLaJI S^Ull jl Ji ^ JliaJI UjL^jj JftlLJI Jj (2) Jj^l jl j^ c> JjH^ 1 ^*±i ^ (11) 

JaiLiJl p^)j ^-^l c^^ Vj ^ -lail^J (jlxJjuoJ SjlisJl d^Uillj (JjJIIIlaIIj dy^ll ^J^ ?*3^ (J^-^J (3 ) 

» Ch>-A^ Ji*a J 1 ^' j^^Transesterification *^M sji-fri c>^ _M ^ d d* 

gj-ilj-xj jjuJ^Li J1aj-a l£j^ ^ OUJ^ 1 iA (£tj^ f JUJ ^ Jclijll jUJl ^LojI :bu Jjuaill ^jjI (6) 

4_jJLc 4£jU q f-it^lt ^LJb <LaiC. aJJ Cll±a> AJaJjoU <jljj 4_lLa*J cilli JbU U^H ^jJn^J 4 /L-aiil 4_x^al_k J vL 



7 11 



(6 ^-)^u^~-10 



TEK-2Bfl , TAKMAU1 



4ul£l3l 4±2k-4 





-©-► 




^>4J^ Oij^ lJJ=*- "I 

j2l 50 ^a^ 6 jliaJ^ sj'uJi u'ji -3 



<C.LlJ1 ^-3 ^)Il] £ * ■ 4 At .ki ^jo^, Jj)^^ TT^J^ 1 eA^J kk^s, ^ (2) r^J J^-^ 1 " 



TEK-2Bfl , TAKMALU 
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^^J] 4_51jujj1 aJ-J (^i-Sl ^ g *^ St 4_l£uudJ l$jA^A\ (Jjj^ll ^^^-Ic* (Jj^a^jl I fl-LalHl! aJJ IkJbUj SjU^Jl d^Loll 

aJ-J L^JIjlJj c-Lo-llj 4 J > >ic. /XJ-Jj (JjlaJJ ^jJjjnijUH ^\\.\< _ ULsl jj£l (J^joiJ 4-lai^J (7) ^-J^aL^ dAj| ja> 
jJl^J m (Q\ A laiaJ <j^aLk dAj| ja> ^1] 4-SLujjI *j AjjSjj AjuIIaI (J-*al^> ajujS <JJ L_Ua^)ll ^jJjjunUll (jLuojl 
(J j jl J j a Si L^Aju ^bul jj^ jS ^3&"^ ^H^ UJJ u \foty J J£^ L>° (Jj^J - ^ ^ J' ^^ ^ ^ C5^] &J^VI 
.(JclLall A]j^.J (JjS <Ls JU^. (J^juIj e-Uill p_>^ ^5^ ^1^^ O^J^ £* (J^^iSt C5^ ^^ (J -0 f>^^al 

JjjaJI f ^Vi,,ij 2uUil <i&ll j^ % 94-85 o^ z^^ ^^ ^ ^ E 3 ^' cs j^ 1 Jj^I V^ 



^^.j^Ij (J-clij jx. djL^c* Lgjj£j ^a^Jjj ull^ t^j^ j^VI AjjSlSl jb IajILs ^/" J] cl^^ ^j^-^ C5^ 
(JjjJlSI j^a ^dLi ^^^-Ic* (Jj^a^al ^Jj^ °60 ^J^^P" ^-J^ SjJ^ *J^^ S^Lo Jj^.jJ (JjJtlL<ill x^s JljjjunUtl 
4_ij2j]| dJLk CIjUAjuj ^j a^USI £ j^J ^ (jjialLujj , <LjIx11 <SjS j^ ^J^ ^-^W 95 (J) J k ^ j lSJ^^ 






dj^Vl r^^l ^Lu& i <*jLiit djLuSUI djb^j 

6 ijb A g ^.1 jj Lai t^Uij 4 L^JJ"^^ cJj^^l ?^V ^^ AjjSjS i^jia A^kioii (jl AjjSlSl 6^A jl J^^lL JJ^aJl 

jyj (Jclijll djjJl^. Ale* 4 4jjLl<u£11 A-i^.Ull j^c ^^^j I iLa ^jJaj.iu.LtiJ lj jc» J jj^I Sjjj^all ^uJajiaiJ ^^^^.j 
^ J^-n ^i S^ljiLallj S^pJl A-lJA^ll ^aUL^VI jL Ja^.iU (^jl^ll j^^Sl ^J^-Jl dj^^J ^jJJ n1 J^ cP^ 

^i£l j^£j ^^Lillj 4 ^l^l^iU ALli Aj^j djUila Jb J— ll SjjiVl fcSttS ill J c_i1Ljj ^ill j^Vl 

j^ A^i^a www.tech.nical.ly h&l\ ll^ 




isjpto JJ^I 






,5gJL5JI jLiit ^1 



"I 

HC 



OCOR 1 
OCOR 2 + 



H 2 C OCOR J 



R 4 COOH 



Transesterification i-^JLaJLiVt SjjuuuVt 



iitc.io*uioii 



Ka i si. hi t:i i op 

3CH 3 OH i N 



KOH C 



R'COOCHi H 2<^ OH 

I 

r 2 cooch 3 + hc — oh 

R 3 COOCH 3 H ,i— 



OH 



l?9-H^ Jfe- 



CH^ 



■ Li " 1^ 



^■uajJI 



^> R 4 COOK + 



H 2 



Lx J Lo^a 6 ^j;!^]! (Jjj^ll TT^V fj^-^ Jljjjnn\ir\l C-jLoi^. ^^Ac* l^ja J^ (J^-^ A-pA^ll (jiaLaa.VI AjjudJ 



-4 •: «t^-^ 



jJa-lil dJilc^V 4-^Ls 4_^.L^ ti3U& dill jLs <jli Ajicj 4 A-ilAJlll <jJaLoa>VI (j^ Aj^JLsl^ A ^J^ jj &^J^ ^^ 

. u^\t jliaJl J.-w*^! A-iJij -2 
4 *Lj jStjJ V *^^>^l A-pA^lt (jiaLa^VI (jl i-^OLallj 4 ^^ jU^J l£J^ J^-^ (jl^llujl JaSa jA J$*-U 

J£_.ijj Ljaji dj^j cjjIS AJii t jjj^iiJij ^jj=Ji JjaiIi J& Jj^=Jl (Transesterification) 
Jjjj LjsjI ^llJ j^jLIj^ji ^ ^j^' **£*& (>aL^bu ( esterification ) s jl-Vi AjL& ^ J j- 

'"'J<S '*'J a ' •^-S-Jj-Sa-l' dA^_J al 0*1 »> V t (Jj La (jl&jxu (jSl t t5j^ cjjj^ <^) (^J^ll jliaJI al^iiuil 



JjjliuJt £a AjJA^II ^U^Vt ojl^l AjL»& ^J A^jliit ftUail ^a£ jb JL>J( I JA ^i djl^j^t 
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J^ ajb^i^li ^ j± jtiisM ^j L^jIj 4 ^ij J^ JftiisM j^ ^ jjjj (esterification) 



•t - ^ 



j^l <iLL e_aj^ jjjj ^j_; Ua ! gjjftl jliaJl aljLkU AJU ^fl CjULo, 8 M ^J^ ^^ 45 cP) 



«• »1 1 



(j-a ?c_jj-a t ■ iajj a *> a "' ■ ul .13 j _ j&l jl( diajll ,_i ^jJ^Jl (Jjjlll ?rtlj| 4jLafr ,_a (_g ^ ■ aJ3) j J;}^ (_)^ ujj 

LJjjJI CjjLj JL&I Lr^ 1 U^ f 1 ^ ^JjJall 6^A jSl t_Jj^l ^ JjM <!j^lj V^ti dl JliaJI 

^jLuJl £y± (J3i (JS udj ^j£j i \xlLula 

: t nartf \ Hdjf 05yA#J| Ip* (& Attf ya$f UltfjJ d|jc- 3 

supercritical) **>*J U^Ji ^ J^iV^ e i^-W M*&i s>-Vi Ua^^ jj^i 



! ^^ 50 — 6 c> 4^1 6 ^ L^ Jc-iiill ^jjiiaLj j 4 jiia. ^l ^i^kiuoi jjj ^Uij (methanol 



c^> 



J jtxll XjJajJ LLoS li] 4jL djLujl j^jI dlJJJ ^J& i J^ La CS"^ *J^^^ 6 ^-? LaLoJ O* ^^^ U^ ^cjJajl 






f V 



(3) Jl^t jtji SjUI 2.»U jj^j i JTl aj l^jaj SjLail A*jI jit AJUJt ^j t v 11 ^^ <-Jj^i 



.< 



J 





f 


JUpJJ iJU.! 


4 , 1 ^i tl 4UU-I , 

i 


JJLoi 




halt! 


3^ 



MJ 



(3) J^) 
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(J-SiL ^J-a^ Sjt j-^Jt j laiuJa-U AjjjjjJa A^ajS (J-Sl <c-^J ' ^_^^aJl 4-JaHll ^^^^jolJ jUiilt (JLujI ^i xj^ill 

gjj» 2Lta3U jS^jj < Aj^JI 2LLfcll C5 ^j U I ja jli dijll ^ ^ d^U d££ ^ SjUJI ^l jj ^ 

LiijC* jl AjUj jVI .6jl j_^J1 4-^.j^j laiuJajt ^^^-Ic* |jl dJC>t <JU j^a J-" W^ SjLoS (JllUSl (J^^ ^5^ 

4_SUJt ^_a (jjjl \j^t Jjikljuolj ^j_i^Jl (JjjjlSI ttUjI 4_h^ ^-^j^ ^j^-*-^ lP] W^ ^ > ^ Q j Uj 4_^.^pJt *UUJl 
j^li 4 j *^ q j St dJiA aIa^LujIj Ail ^^j a ^^ ^t^/ 1 * 1 (^\ dy^j^ ^^j ^^j 6 l^j^^^ l5j^^ l>^ AjaLjal 

j^<s jj^ ui^l <a Si A_SLuoj ^i ^^.jUjI ^i l^-S dlSj^ajJ ^^jll ^uUill 6^<s djVj (J^a^cUj ( (Jc^lidll ^.l^^V 
aJ ^^-H-H (J^jJlSI j-o Ajjl<ill A-iuullj i Aillk^ djl^)^. djUjJ Jji^JjujIj j ia oil ^-i A-lJilll dJlA J^flaJ (JXk 
djUjxj^all jp lLa^IIuj US _ CjljjSllt j-<s ^Q^-^ Uj A-pSllt a^A jyj (jj^Sl aAI jyiluoj 4 l^jiC' (J J L ^^ ^ 

l^jlc L_ilil3l ^iajSj ^pSlSt 6^A A^.1 jj dJl j U ^^1 
?r^pJl {JjjIIiaII Jjikjjajlj ^-UJilS Ji^ljll JJ^ ^-^ 

jjaj ^j^i J^i ^^(supercritical methanol) Vj^i ^^i ^MeOH JjSiVM 

^^.j-St jy ui^l <aJt A-SUj CLjUjI ^a^x-c ^i CI LoS JiSj 4 Aj^alt ^j5 dill j V Igit L- u^ t ^^List^ ^jIul^ 
4 J j iJa-xJl 4 J *^ Q J St jjjojJ3j^)J ^I^jojIj UjUS 6^C ^.t^^lj Ujt jSjt ^i c^uSllljiSt Ajl^U ^i l^j d-LoS 



j^ A^i^a www.tech.nical.ly A^iilj iL^» 




sjll* s^u <^i jj^ c^j^i Jj^i c^ cV^J fj\ i^E&k <> diL^jj (Poress Paresavich) 

dijb J-jiJ aJ-J ^^5^-jl LS^J^\ *J-^ C5~^ dAAj ^^l-C' JaJt-jJaj Aiilk^ 6jl^p> djl^.j^ (J^J O^^d^ £j' 

^Jjxl\ (jiajll ^jiawi ^Ic AjjSUlt Ai^<s (J^La. (j-o djLsjlx^l 

; i^jaJI 2UU1I ^ JjjIV 1 fl^^j ^J^> ^J^ 1 C^ ^^ J^ 1 ^J^-1 



£>*-! J^LLJJ ^IjyjkiAuL ^^i-t J>H^I C^-^ J^ V j^-k-N 



H ; C — OCOR 1 
HC OCOR 2 + 3CHjOH i ■ 



H^C — OCOR 3 



jLl* jjJ- 






C>* J^ 11 ^ 



R'COOCH* H : C- 
R 2 COOCH* + HC . 

R*COOCH, H 1 



■OH 

■OH 

OH 



iV( 



CjJLkU 



R<COOH + CH 3 OH I > R 4 COOCH>+ HjP 



Q^_^ ii_i_i_Aj 



^jibLg^l 



^j-jja. (J^^ ^-^ U-^ f^J ? J^ cJj^£*^ ^ JljjjnnUH ^^^ A-illSiJl SjjjuoI (Jclij djJl^. 4Jb Ja^U 
(4) (J^ u^t J-^l * lSJ-S-*- <-lj-^ ^ ^j lJAk» «Sj j A-ilA^ll (j-bUi^iU SjJjuoI (Jclij dj^a> diSjll (jiiiLj 

L? J^ 1 Jj^ £^ L^ t> J 11 J SJ jaJl Vj^ J^ 5 -^V J 



(4) Jliill 




a 



20 40 



60 



UjL-ki^l 3jLlL 30^ j^ c>Jj ^j^« ^j^ 350 sj jaJl ^j^ ^ ^ J*OU (4) JLill c> 
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p° 239 4 — ^ ^-j-^ A^Iuj (Jjj\jx<iil 4^.^pJt Sjt^pJt 4^.jJl] UjJaj jl U^J 4 6 j^^ '^ **?/" 

(jl A-^J A i j ^ J St ^^ UjJll (jS^J LaJ AijtLsj i (JI£jujIj (jUu-a 8.02 = (J^ 3 (Jj^*V^ ^^P^ iaxjJallj 
22 ki ^ ^^ Jcliill »l jj j! L£ 4 JjJtVU A^j^ll A^jJ c> JJ^J j£\ ^°350 SJ jaJl A^jJ 
djtjLx^aj A J J Q J L_lS JaJ-J (jl 4-jLoj ^<s (_£^l ^Vl ' (JjjtlL&lS ?r^pJt JaxjJall ^<s J£^ ^>^t (JI^juoIj li-La 

. Jcli&JI 



Jjl^JLuJ <jl ^_gi AjiLoill 4-i^.Ull Lai 4 u±ud A^.Uj1 (^_Lill£j £y& (J&iJ ** s ' s ^ &^j^ O* (*-*J^ iS^ J^VI ' 

^J_C (J j >/»n!U 4 <jJbt j_St dlSjll ^i L-Utj^a ^at jA Sj^ L-A-La^J ^j;!^]! cJjjAll TT^V 4^J^)Ia]l d^A 

^ J^i lt^ lU> j^l ^ U^yul^j I J^aal ^JJ^J u^JJ^ ^ ^W ^Jf=^ c/J^ 1 Jjd^l C^ 

4-^.^pJl AjIL^. ^i (JjJljXall x^ ^jA^l] (Jjj^ll ^T^V (JJjjia Al^kiuol A-lJij 

^ jjMeOH £>*JI J^i^l f hVii.ib l5j^JI Jj«^l ^i^V ^'j 51 jj^ 1 ^ c> ^^ ^ ^ 
^_j^LjJ 4 j Si jj *^^ s^LujVI cJ-cLLj l<ia A-^.ij jj^ 3 (c^ dy^ j^° Ly^^ ^j*^- j^ ^jS^tIi cllcH c aj£ 
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22 



4^»iua 



www.tech.nical.ly 



2 uffi ) Uayi 




jJaJl 4 (J_cLLjJl £.1 J-^-V l^<i-LAj^aJ-J LLaS ^^jll j4 U^)±k^ ^^-l^Jl (Jj^l fT^l ^^-J ^bdJ UjCO (jVI 

pj* 8 *>^j 4 ^ 300 <1>^ 1X1 8H9T i^^i cj^ j^ cP^ -W^ c> a£* cP^ 4^ 
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.jr jaJl Jj^li^l ^l^ki^lj Lj^ c/j^ J^ jrtia S^.j (7) J^ll 

4 (J-C-LLoJl (jjaJLial ^U^)^ (j^)3 (J^lj I ^^ lalai ajj (J jjlliLcill j dliUl JJ^ Cl SJjJ (Jc^lLill ^lo ^J (jl Jbu 
^JJ' (J-J^aJ ^ ^ (Jc^LLJl ^j] JaxjJall ^cj^aJ AjSJ lA jjAj ^JjI 4_kjJa^ll (Jajij ^Loj!)Ul 4_^.j^ll A£»jL ^*Jj 
jjj^j AjlJ 4 (j-JjjJa djli 4_J_LoC» ^i (JI£juoU l^-Lo 8 J^ 6 ^^-^J JJ^ 3 ^—^ ^J^*^ (^ (JI^jujIj Iajx 20 
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aj^-iIj ^^ij 4 Sj^Vl <^j^ J^>jj <^i ^ jciisH jj^j ( sj jaJi a^j^I lia j) AijS^ 50 -30 
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